Experiment
Prior to each dye injection there was a CTD survey of the front (Fig. l) . The temperature/salinity correlation is high so temperature can be used to define stratification below depths of 60 m. The foot of the front protrudes onto the shelf while seaward of the shelfbreak the front shoals to the surface (see Fig. 1 in Barth et al., 1998) . Where the front intercepts the BBL the stratification associated with the front generates a cross-shelf temperature gradient in the BBL. Houghton [ 1997] hypothesized that the crossfrontal flow reverses direction where the crossfrontal temperature gradient Ty is maximum and Tyy changes sign. In the BBL Ty was consistently greatest near 7.5øC and dye was injected 4 km inshore and then 4 km offshore of this point with injection #1 in 6.55øC and injection #2 in 8.58øC water respectively. A thick (10 to 20 m) bottom mixed layer (BML) made it possible to inject all the dye within 0.1øC of the target temperature. The evolution of both dye patches was similar so here we present results from injection #2 for which sampling was more complete.
The lateral displacement and dispersion of the dye patch is illustrated in Fig. 2 . Between the first and fourth (46 hours later) surveys the dye patch drifted west with a mean speed of 0.13 m/s. When adjusted for the displacement due to the water column motion relative to the ship track the cross-and alongshelf dimensions of the dye patch in this last survey were both approximately 6 km. As the patch evolved, dye tagged water entered the stratified frontal region above the BML and moved offshore (Fig. 3) . The dye was initially injected 5 m above bottom in the BML. Eighteen hours later (Fig. 3A) it had mixed throughout the BML with maximum concentrations at 50.
The experiment was conducted using techniques similar to the pilot cruise [Houghton, 1997] . A sled, towed at speeds of 1 to 4 kts (0.5-2 m/s) and equipped with a Sea Cat SBE-19 CID and a Chelsea MKII Aquatracka fluorometer (both sampled at 2 Hz) and an upward looking RDI 300 kHz workhorse ADCP, was used for both dye injection and detection. The tracer dye, fluorescein, was detectable to dilutions of 1 x 10 '• parts by weight. There were two dye injections each consisting of 86 kg of dye in a 25% water solution mixed with isopropyl alcohol to achieve in situ density. This was pumped into the BBL at 5 m above the bottom in 40 minutes to produce a 1 km long streak of dye roughly parallel to the local isobath. Within 12 hours surveys of the dye patch began and continued for three days. During the experiment there was no evidence of warm core rings or frontal eddies that would distort the 
Results
The displacement and dispersion of the two dye injections were similar. In both cases the offshore displacement of the center of mass of the dye patch over a three day interval implied an offshore velocity within the front of 0.02 +.002 rn/s relative to the foot of the front. Comparable offshore velocities in the BBL were measured by the Coastal Mixing and Optics experiment current meters moored just inshore of the dye deployments (S. Lentz, pers. comm., 1998). Although the dye concentration in the patch is not strictly normally distributed we estimate the length scale, 20, that incorporates 67% of the dye during the first and fourth survey then calculate the diffusivity from K = .5 do2/dt to obtain an isopycnal diffusivity Kiso-9 m2/s in both the cross-and alongshelf direction.
Estimates of diathermal (diapycnal) mixing and advection are derived from the temperature distribution of the dye patch (Fig. 4) The Richardson number profile does make clear that dye initially injected into the BML cannot be transferred into the stratified front directly above by mixing. Instead it enters the front along the isotherms (isopycnals) connecting the two regions (Fig. 6) . One could envision a transient event whereby the temperature interval in the BML initially containing the dye is suddenly compressed forcing the dye into the same temperature interval within the front. However, the absence of dye in the BML (Fig. 3B) suggests that new fluid has replaced the dye tagged fluid and that there is a mean upwelling circulation at the front. This inference is reinforced by observations of turbidity plumes ascending along the front [Barth et al., 1998 ].
The estimate of Kdi u, derived from the dispersion of the patch, can be compared to that derived from the cooling of the patch which in a Lagrangian frame of reference is due to local Since Tz• could be in error by at least a factor of 2 this is consistent with our previous estimate of Kdiu=6 x10 '6 m2/s.
Our observations indicate that the pattern of diathermal flow within the front is more complex than hypothesized by Houghton [1997] . This is illustrated in a schematic diagram (Fig. 6) 
